Context. The advent of Fermi is changing our understanding on the radio and γ-ray emission in Active Galactic Nuclei. Contrary to pre-Fermi ideas, BL Lac objects are found to be the most abundant emitters in the γ-ray band. However, since they are relatively weak radio sources, most of their parsec-scale structure and their multi-frequency properties are poorly understood and/or have not been investigated in a systematically fashion. Aims. Our main goal is to analyze the radio and γ-ray emission properties of a sample of 42 BL Lacs selected, for the first time in the literature, with no constraint on their radio and γ-ray flux densities/emission. Methods. Thanks to new Very Long Baseline Array observations at 8 and 15 GHz for the whole sample, we present here fundamental parameters such as radio flux densities, spectral index information, and parsec-scale structure. Moreover, we search for γ-ray counterparts using data reported in the Second Catalog of Fermi Gamma-ray sources. Results. Parsec-scale radio emission is observed in the majority of the sources at both frequencies. Gamma-ray counterparts are found for 14/42 sources. Conclusions. The comparison between our results in radio and gamma-ray bands points out the presence of a large number of faint BL Lacs showing "non classical" properties such as low source compactness, core dominance, no gamma-ray emission and steep radio spectral indexes. A deeper multiwavelength analysis will be needed.
Introduction
Based on results from the Energetic Gamma-Ray Experiment Telescope (EGRET) on the Compton Gamma-Ray Observatory (CGRO), it is well known that the main contribution to the γ-ray sky comes from the Galactic plane emission, pulsars, and blazars (Hartman et al. 1999) . Among the latter class of objects, Flat Spectrum Radio Quasars (FSRQs) were the most numerous compared to the BL Lac objects, making up 77% of the high confidence blazar associations.
With the advent of the Fermi mission, studies of a large number of γ-ray sources have become possible thanks to the unprecedented sensitivity of the Large Area Telescope (LAT, Atwood et al. 2009 ). Moreover, the improved Point Spread Function of the LAT significantly improved the localization of the γ-ray sources with respect to the past γ-ray missions. In contrast with the previous EGRET results, the LAT has shown that the BL Lacs, and not the FSRQs, are now the most common γ-ray emitters (1LAC, Abdo et al. 2010; 2LAC, Ackermann et al. 2011a , 2011b : in the Clean 2 LAC Sample, 395 are BL Lac objects, 310 FSRQs, 157 Send offprint requests to: E.Liuzzo, e-mail: liuzzo@ira.inaf.it sources of unknown type, 22 other AGNs, and 2 starburst galaxies (Ackermann et al. 2011a (Ackermann et al. , 2011b . Moreover, the two blazar sub-classes are markedly distinct in the average photon indexes, redshift and flux density distributions. Big questions are nevertheless remaining open, such as the γ-ray origin and location, the distance of the main energy dissipation site from the nucleus, and the relation between the γ-ray and radio emission.
BL Lac objects belong to the blazar population showing a high core dominance, large degrees of variability and polarization, and one-sided Doppler beamed parsec-scale jets. However, they present properties quite different from those of FRSQs: lower apparent velocities (Gabuzda et al. 1994 , Jorstad et al. 2001 , Kellermann et al. 2004 , Lister et al. 2009a , 2009b , also in the most extreme BL Lacs, the TeV BL Lacs (e.g. MrK 501, Giroletti et al. 2004a Giroletti et al. , 2004b MrK 412, Lico et al. 2012; Piner et al. 2004 Piner et al. , 2008 Piner et al. , 2010 ; differences in polarization degree (Gabuzda et al. 1999 ) and rotation measure (Hovatta et al. 2012) values in their cores at mas resolution.
Thanks to Fermi findings, the high energy characteristics of BL Lacs can be investigated, but to understand the origin and the nuclear properties of these sources more information at different frequencies are necessary. Very Long Baseline Interferometer (VLBI) campaigns are one of the most incisive observational tools to address the questions opened by the Fermi results. From a detailed literature review (Ros et al. 2011) , it is evident that previous VLBI surveys have looked at the parcsec scale properties of the brightest BL Lac objects, while the majority of the BL Lac population is below their flux density limits (Wu et al. 2007; Giroletti et al. 2004b Giroletti et al. , 2006 Rector et al. 2003; Cassaro et al. 2002) . In fact, many LAT BL Lacs are highfrequency-synchrotron-peaked (HSP) sources, discovered at Xrays and generally they are faint radio sources, seldom studied with VLBI. To gain a deeper understanding of BL Lac properties, we selected a sample of low redshift BL Lacs sources with no selection limits on their radio flux density or high frequency emission.
In this work, we present our analysis on the radio and γ-ray emission of this sample of nearby BL Lacs. In following papers (Rainò et al. in preparation, Giroletti et al. in preparation) , we will discuss these results at multiple-wavebands.
The paper is organized as following: in Sect. 2, we introduce our new sample of low redshift BL Lacs; in Sect. 3, we describe the new high resolution radio observations performed with VLBI; in Sect. 4, we show the results on the radio properties of the sample; in Sect. 5, we compare the radio and γ-ray emission for these objects.
Throughout this paper, we assume h = 0.71, Ω m = 0.27 and Ω λ = 0.73, where the Hubble constant H 0 = 100h km s −1 Mpc −1 . We define radio spectral index α such that the flux density S(ν) ∼ ν −α and the gamma photon index Γ is defined as N(E) ∝ E −Γ .
The sample
Recently we began a project aimed to improve our knowledge of the BL Lac nuclear region, through VLBI observations of a sample of BL Lacs, independent of their radio flux densities and their γ-ray emission, and with multi-frequency information available for all targets. We selected our sample of BL Lacs from the Roma BZCat Catalog of the known blazars (Massaro et al. 2009 ) 1 with two constraints:
-a measured redshift z < 0.2, -BL Lacs located within the sky area covered by the Sloan Digital Sky Survey (SDSS, Abazajian et al. 2009 ).
We extracted our sample from the BZ Cat as this catalog is the most complete list of published blazars, and so well suitable for the aims of our project, which requires a sample unbiased with respect to the the radio flux density and gamma-ray emission 2 . These two selection criteria on the BZ Cat allow us 1) to investigate also the least powerful sources, such as the weak population of HSP BL Lacs, with a good linear resolution (1 pc ∼ 0.5 mas at z = 0.1); 2) a good characterization not only of the optical properties, but also of their extended radio characteristics as the Faint Images of the Radio Sky at Twenty-Centimeters (FIRST) cover the same SDSS field.
The total number of BL Lacs in our sample is 42. The National Radio Astronomy Observatory (NRAO) VLA Sky Survey Catalog (NVSS) flux density distribution for the sources in the sample is shown in Fig. 1 . The flux density limits of the Monitoring of jets in active galactic nuclei (AGN) with Very Long Baseline Array (VLBA) Experiments (MOJAVE-1) (correlated flux S > 1.5 Jy at 2 cm, Lister et al. 2009a Lister et al. , 2009b and VLBA Imaging and Polarimetry Survey (VIPS) (S > 85 mJy at 5 GHz, Helmboldt et al. 2007 ) surveys are also plotted (assuming α= 0.0). As Fig. 1 points out, our sample is representative of a population which is the majority of the whole BL Lacs but it is unexplored by two of the most complete previous VLBI surveys.
VLBA Observations and data reduction.
We observed with the VLBA all sources of our sample (Table  1 , project codes BG197A, B and BG204A, B, C). Each target was observed at 8 and 15 GHz with the aim of obtaining simultaneous spectral information. The observing time was about one hour per source, with roughly a 1:3 ratio between the low and high frequency total integration time. Targets weaker than 50 mJy in NVSS images have been observed in phase reference mode at 15 GHz, while sources weaker than 30 mJy have been observed in phase reference mode at both 8 and 15 GHz. et al. 2009 ). There is in fact a deficiency of blazars in the southern sky due to the smaller number of surveys in comparison to the Northern hemisphere, even if many new discovered blazars and candidates have been identified using spectroscopic observations available in the SDSS. Indeed, most sources had never been observed before with VLBI and the phase referencing technique has also provided the possibility to obtain absolute coordinates for them. We switched between the two frequencies and moved from different targets within each session to obtain good (u, v)-coverage, necessary to properly map complex faint structures. Observations were made with the entire VLBA in full polarization with 4 intermediate frequencies (IFs) . The VLBA correlator produced 16 frequency channels per IF/polarization for a total aggregate bit rate of 256 Mbs. Calibrators were chosen from the VLBA calibrators list to be bright and close to the target sources: in Table 1 , we report the list of the selected calibrators. Short scans on strong sources were interspersed with the targets and the calibrators as fringe finders. The observations were correlated in Socorro, New Mexico, USA.
Post correlation processing and imaging used the NRAO Astronomical Image Processing System (AIPS) package (Cotton 1993 ) and the Caltech Difmap packages (Pearson et al. 1994) . The signal to noise ratio (SNR) achieved allowed for phase selfcalibration on a few sources. For detected sources observed in phase reference mode, we give the absolute core position ( * in Col.3 in Table 1 ). Otherwise the nuclear coordinates are taken from Very Large Array (VLA) data (see Table 1 ). We show in Fig. 2 contour clean maps for resolved sources in our VLBA data at least at one frequency. Contour levels are 3×rms × (-1, 1, 2, 4, 8, 16, 32, 64, 128, 256, ..) , where rms is the noise level as measured from uniformly weighted images. We report the rms values for each target images in Table 2 , together with the beam size and the flux density peak S peak . For undetected sources, not observed in phase reference mode, it was not possible to properly calibrate the visibility phases and we are not able to give image parameters (see Table 2 ). As a reference, the upper flux density limits for non detections are the lowest flux density revealed without phase referencing in the whole sample, i.e. 15.3 mJy at 8 GHz (corresponding to J1221+0821) and 14.7 mJy at 15 GHz (corresponding to J1428+4240). For undetected sources observed in phase reference mode, upper limits are 3×rms.
To derive an appropriate description of the the parsec-scale structure of each source components, we applied Difmap modelfit to 8 and 15 GHz data of all detected sources using elliptical (e), circular (c) or delta components (δ) chosen on the base of the lower Reduced Chi-squared values and the most reasonable parameters derived (e.g. major and minor axis, position) for each component. The Difmap model-fit program fits aggregates of various forms of model components, fitting directly to the real and imaginary parts of the observed visibilities using the powerful Levenberg-Marquardt nonlinear least squares minimization technique. From the model-fits, we derived the total VLBA flux densities, which are in agreement with those of the cleaned images. In Table 3 , we report the parsec-scale morphology (pointlike "p" or core-jet "1s") and spectral indexes for detected BL Lacs, while in Table 4 we summarize the model-fit results for detected BL Lacs. All the calibrated uv and fits files are available in the following link http://www.ira.inaf.it/progetti/bllacs/ Please give a shorter version with: \authorrunning and/or \titilerunning prior to \maketitle Please give a shorter version with: \authorrunning and/or \titilerunning prior to \maketitle 
Results

Detection rate
In our sample, 27/42 (64 %) objects show parsec-scale radio emission. In particular, 24 BL Lac objects are revealed at both frequencies, while two are detected only at 8 GHz (J1221+0821 and J1231+6414) and one only at 15 GHz (J1427+5409). We note that many of the sources revealed using phase referencing show a flux density below the noise level of sources observed without this technique. This suggests that more sources could be detected using the phase reference mode for all the observations (e.g. J1427+5409).
Point-like morphologies are present in 8/27 (31%) of the detected sources at 8 GHz, and in 14/26 (54%) of the revealed targets at 15 GHz (Tab. 3). The other detected sources show an one-sided structure. We note that in our sample, among the 8 BL Lacs having one-sided morphology at both frequencies, 7 are the most luminous (and bright) BL Lacs at mas scale.
The spectral index
For each object detected at both VLBA frequencies, we estimated spectral indexes for the core component (α core ) and for the whole source (α tot ). Values are reported in Table 3 . For our spectral index analysis, we took flux density measurements (Table 4) as obtained applying model-fit to the data set with the entire (u, v) coverage. For some sources with complex parsec-scale structure (e.g. J1217+3007), we produced images at 8 and 15 GHz using the same maximum and minimum baseline in the (u, v) coverage. This allows a better characterization of the core emission, especially when it is well resolved at the high frequency. We applied the model-fit to these (u, v) data and used the flux densities extracted from these visibilities for the estimation of the spectral indexes. The fraction of flat spectral indexes (α tot ≤0.6) is predominant (20/25) as expected for BL Lac objects.
We also attempted the study of the spectral index distribution along the source structure. However, in our observations, the (u, v) coverage is so different between 8 and 15 GHz that a lot of data on the jet emission is lost producing the U and X band images with the same (u, v) coverage. It results that no additional information from this analysis could be derived.
The source radio structures
A brief description of each source is reported in the Appendix. We discuss here the general properties of the sample. We evaluated, for all objects, the source compactness (SC) value defined as the ratio of the 8 GHz VLBA and the NVSS total powers. SC values are reported in Table 5 , while in Fig. 3 , we plotted the SC distribution for our sample. We show SC values for both detected and non-detected sources, assuming for the latter upper flux density limits as explained in Sect. 3. Most of our sources show a parsec-scale flux density significantly lower than expected from the kiloparsec-scale flux densities estimated from the NVSS and/or FIRST radio surveys. In most cases, this difference cannot be due to the radio spectrum or to variability, and it suggests the presence of a sub-kiloparsec radio structure lost in VLBA data because of the lack of short baselines.
Moreover, we estimated the core dominance (CD) of each BL Lac of the sample as defined in Liuzzo et al. (2009) . The core dominance is the ratio between the observed core radio power and the expected core radio power estimated from the unbeamed total radio power at low frequency, according to the relation given in Giovannini et al. (1994) . The core dominance is a strong indication of the Doppler factor for each source and it allows for us to estimate constraints for the jet velocity and orientation. Since in most of our sample a measure of the total radio power at low frequency is unavailable, we estimated the total radio power at 408 MHz extrapolating the NVSS total radio power using an average spectral index = 0.7. For the core radio power , we used the radio power at 8 GHz. In Fig. 3 , we show the CD distribution for our sample. We added also the CD of radio sources (radio galaxies and 2 BL Lacs) from the Bologna Complete Sample (BCS, see Liuzzo et al. 2009 ) for a comparison. As expected, the distribution of BL Lac sources peaks at higher core dominance according to unified models.
In Fig. 4 , we investigated the relation between the CD parameter with the total VLBA powers. As expected, bright BL Lacs have high core dominance, and a dependence with their high energy emission is present. We better discuss this relation in Sect. 5.
Looking at the derived values of source compactness and core dominance, together with the source morphology and radio spectrum, the BL Lac objects of our sample could be divided as follows:
-Doppler Dominated (DD) sources: Among the 42 BL Lacs, we have 23 sources in which the emission is dominated by the central core. They are characterized by a core dominance always larger than 5.5 suggesting that they are relativistic Doppler boosted objects. We note that a core dominance larger than 5.5 implies a jet velocity ∼ 0.8c or faster and a jet orientation with respect to the line of sight smaller than 30
• . Most of these sources display a core dominant structure and a one-sided jet, confirming the importance of relativistic effects. The SC is generally high, even if in some case the missing flux density is important, suggesting the presence of a structure more complex than the detected one-sided jet. For comparison, we note that radio galaxies of the BCS (Liuzzo et al. 2009) show in most cases a core dominance smaller than 4 and in many cases smaller than 1 (Fig. 3 ).
-Lobe Dominated (LD) sources: In 11 cases, the VLBI total flux densities are a small fraction of the kiloparsec-scale ones, with core dominance < 5.5. This group includes both undetected and detected sources in our VLBA maps. In a few sources, the radio spectrum is quite steep, suggesting that they are dominated by an extended steep spectrum structure despite their classification as BL Lac objects. -Undetermined (U) objects: There are 8 sources that are not detected in our VLBA images. Their arcsec flux density is low, therefore we cannot establish if the lack of the detection is due to the absence of a compact core or to a sensitivity problem. Deeper observations will be necessary to investigate their parsec-scale properties.
Gamma-ray properties.
We searched for gamma-ray counterparts of our BL Lac sample: 14/42 show high energy emission in the Second LAT AGN catalog (2LAC, Ackermann et al. 2011a Ackermann et al. , 2011b . We call them LAT BL Lacs. We collected gamma-ray flux measurements, together with all their available multi-frequency information in Table 6 . Among these LAT BL Lacs, 2 (J0847+1133 and J1534+3715) are classified as LD objects, the others are DD objects (Table 5) . Moreover, the LD BL Lac J1534+3715 is the only LAT sources
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. not detected by our VLBA observations: we have not considered it in our radio/gamma-ray correlation's estimates ( Fig.s 4−6 ).
Comparing their parsec scale properties, LAT BL Lacs are the most luminous at mas scale respect to the non LAT objects. In particular, all LAT BL Lacs with Log P VLBA,8GHz (W Hz −1 )≥24.6 present resolved morphologies both at 8 and 15 GHz. On the other hand, objects with Log P VLBA,8GHz ≤23.6 do not show γ -ray emission, as sources with core dominance lower than 5.1 (Fig.4) . LAT BL Lac objects have also higher on average values of the source compactness and core dominance with respect to the non LAT ones (Fig. 3) . The correlation between CD parameter and total VLBA power (Fig.4) is much stronger (Pearson index correlation r = 0.84) for LAT objects than for non LAT sources (r = 0.56). All these characteristics confirm the idea that LAT BL Lacs are dominated by Doppler boosting effects (note In Fig. 5 , we plot the total 8 GHz-VLBA radio flux density (S VLBA,8GHz ) versus the gamma-ray fluxes: sources show a good correlation with the exception of J1419+5423, which has a very high total radio flux density (S VLBA,8GHz ∼ 969.5 mJy), but a modest gamma-ray flux (S γ ∼7.66 10 −10 ph cm −2 s −1 ). This source also has SC=1.19, and very high core dominance, with the VLBA total flux density greater than the kiloparsec-scale total flux density. Moreover, it is an extremely variable source (see Appendix) observed during an outburst, seen in both the Owens Valley Radio Observatory (OVRO, Richards et al. 2011) and MOJAVE monitoring programs. The likely reason for this source being an outlier on the S VLBA,8GHz -gamma-ray flux plot is its steep spectral index value in the high energy band implying that quite some gamma-ray flux is missed if a high lower cutoff (1 GeV) is selected. Thus, the photon flux at energy range [0.1-100] GeV is at the level of 10 −8 ph cm −2 s −1 , available from the history flux extension of the 2FGL (Ackermann et al. 2011a (Ackermann et al. , 2011b .
We estimated the Pearson index correlation r for Log S VLBA,8GHz and Log S γ relation: we found r=0.90, which means that a linear correlation is present between these quantities. We performed a linear fit (Log S γ = a Log S VLBA,8GHz + b) finding a = 0.69 and b = −9.97 (see dashed line in Fig. 5 ). The correlation is in agreement with results of Abdo et al. (2010) for BL Lac objects. of the presence of the 8 GHz-VLBA radio/gamma-ray flux correlation (Abdo et al. 2010 ).
Discussion and Conclusion
We selected a sample of nearby BL Lacs with no constraint on their radio or high energy emission. Our aim is to investigate their nuclear properties given that one of the surprising results of Fermi mission is that BL Lac objects, and not FSRQs, are the most common gamma-ray emitters in the sky. In this first paper, we present, for the entire sample, 8 and 15 GHz VLBA images which are also available at http://www.ira.inaf.it/progetti/bllacs/ .
From VLBI observations, we found that most of the BL Lacs in our sample (23/42) show a high core dominance (> 5.5), in agreement with expectations from unified models. We classified these sources as Doppler Dominated objects. They show a strong evidence of an active nuclear region affected by Doppler boosting effects, confirmed by the Fermi detection of 12 of these sources, and by the correlation between the radio flux density and gamma-ray flux. However, in many sources (14/23) the SC is lower than 0.5, suggesting that in many BL Lac sources a significant sub-kiloparsec structure is present.
Of the remaining sources, 11/42 were classified as Lobe Dominated sources. In these BL Lacs, the core dominance is lower than 5.5 and there is no evidence of a relativistic nuclear structure or strong boosting effects. This fraction is higher than expected in a sample of BL Lac sources. Among these objects, 2 have been detected by Fermi: J0847+1133 and J1534+3715. In the case of J0847+1133, we have a VLBI detection, and the core dominance is 5.1, therefore we can consider it as a source with intermediate properties. J1534+3715 was not detected in our VLBA observations and we suggest that it could be a misaligned object. Its core dominance is lower than 0.8. We note that, among the radio galaxies of the BCS sample (Liuzzo et al. 2009 ), only M87 shows gamma-ray emission and its core dominance is 0.9. We were unable to classify the other 8 objects in our sample because of their low flux densities.
From a comparison of the core dominance distribution obtained for our BL Lac sample and for the radio galaxies of the BCS sample (Liuzzo et al. 2009 ), we can suggest the presence of two populations: beamed (core dominance ∼ 5.5 or higher) and un-beamed objects (core dominance lower than ∼ 5.5). We suggest that BL Lacs classified as LD objects could be intermediate or misclassified sources, but more multi-wavelength data are necessary to investigate this point. The origin of gammaray emission in sources in the two classes could be different: strongly related to the relativistic jets in DD, but not in LD. More data are necessary to better investigate this scenario and the radio structure of J1534+3715 needs to be confirmed.
In some DD sources (6/23) and all LD objects, the SC is lower than 0.3, suggesting the presence of a relevant subkiloparsec structure. The morphology and the properties of this extended radio emitting region will be analyzed with future observations that could help in understanding the difference between DD and LD BL Lacs and the connection with the high energy emission.
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-J0751+1730. This source is unresolved at kiloparsec-scale with a total flux density of ∼ 10 mJy in NVSS maps. From VLA data archive (AB878) in B configuration, at 8 GHz, we obtained a slightly resolved image (∼ 1.4 ′′ with a HPBW = 0.7 ′′ ) which implies α 8.4
1.4 ∼0.9. It is undetected in our VLBA images but with an upper limit higher than NVSS flux density (for technical issues it was not observed in phase reference mode), for this reason we classify this source among the U sources, even if the steep spectrum from VLA data suggests the presence of a lobe dominated structure. -J0751+2913. This BL Lac is unresolved in FIRST images with flux density of ∼ 9 mJy. Not observed for technical reasons at 8 GHz, it is not detected at 15 GHz above 1.8 mJy beam −1 . Because of the low flux density at 1.4 GHz we put it among undetermined objects. -J0753+2921. This source is unresolved in FIRST images (flux density = 4.5 mJy), and is not detected in archival VLA data (AE110) at 5 GHz (HPBW = 5 ′′ ) suggesting a steep spectral index and a resolved structure, in agreement with the non detection above 0.9 mJy beam −1 and 1.2 mJy beam −1 at 8 and 15 GHz, respectively. We classify it as an U object because of the low flux density. -J0754+3910. This source shows a faint one-sided structure in NVSS images, but it appears unresolved in FIRST. In our 8 GHz VLBA map, it shows a core-jet morphology with a total flux density of ∼ 27.0 mJy. At 15 GHz, it appears pointlike with a total flux density of 17.8 mJy. Bourda et al. (2010) found a VLBI flux density = 31 mJy (2 GHz) and 26 mJy (8 GHz). No gamma-ray emission is found associated to this target. We classify this source as DD. -J0809+3455. In the FIRST image, this source (also known as B2 0806+35) reveals a two-sided large-scale emission, and a nuclear component with a bright one-sided jet to the south. The NVSS image shows a northern extension (more than 4 ′′ in size) confirming the asymmetric brightness of the kiloparsec-scale source. In our VLBA image at 8 GHz, we detect a one-sided structure in agreement with the FIRST bright jet and the VLBA map at 5 GHz by Bondi et al. (2004) . The VLBA total flux density is 62.3 mJy and 52.5 mJy at 8 and 15 GHz respectively. The core has a flat spectrum and the jet flux density is ∼ 24 mJy and 14.3 mJy at lower and higher frequency respectively. No gamma-ray emission is found associated to this target. We classify this BL Lac as DD. -J0809+5218. This BL Lac shows a point-like structure in NVSS (total flux density ∼ 183.8 mJy) and FIRST images, as well with the VLA in A configuration (Giroletti et al. 2004 ). Our VLBA maps display, at both frequencies, a collimated jet oriented at NE, but moving after a few mas in N direction, with a large PA change, moving to the same PA visible in 5 GHz VLBA images (Giroletti et al 2004b; MOJAVE Survey, Lister et al. 2009a , 2009b , and VLA images (Helmboldt et al. 2007) . Total flux densities are 89.1 ∼ mJy and ∼ 85.7 mJy at 8 and 15 GHz, respectively. This BL Lac shows gammaray emission (see Table 6 ). We classify it as DD. -J0810+4911. In NVSS and FIRST images this source appears symmetrically extended in PA ∼ 135 deg, with a flux density ∼ 10 mJy. The source is undetected above ∼0.6 mJy beam −1 and 1.8 mJy beam −1 at 8 and 15 GHz respectively. SC is ≤0.06. No counterpart in the 2LAC is found. We classify this BL Lac as LD.
-J0847+1133. This source is unresolved on kiloparsec-scale with flux density ∼ 33 mJy. In our VLBA images, due to observational problems, it is undetected at both frequencies, with an upper limit of ∼15.3 mJy beam −1 at 8 GHz and 3 mJy beam −1 at 15 GHz. Bourda et al. (2010) revealed a VLBI flux density of 6 mJy in X band. We used this measurement to discuss properties of this source. This source is a LAT BL Lac showing a faint gamma-ray emission (Table 6 ). We classify this BL Lac as LD. -J0850+3455. At kiloparsec-scales, this source is unresolved with a total flux density of 34.5 mJy in NVSS images. In our VLBA data, it shows a resolved morphology at both frequencies with total flux density of 28.6 and 27.1 mJy at 8 and 15 GHz respectively, in agreement with measurements of Bourda et al. (2010) . No gamma-ray emission is found associated to this object. We classify this BL Lac as DD. -J0903+4055. This source is unresolved on kiloparsec-scales with a flux density of ∼ 35.8 mJy in the NVSS image. In our VLBA data, it shows a point-like structure with a flux density of ∼ 9.1 mJy at 8 GHz and 6.3 mJy at 15 GHz. No gamma-ray emission is associated to this object. We classify it as DD. -J0916+5238. On kiloparsec-scales, this BL Lac shows a core-jet structure with total flux density ∼140 mJy in NVSS data and some evidences of extended emission. In our 8 GHz VLBA maps, it has a one-sided morphology: the jet is elongated to the north with a flux density of ∼ 5.4 mJy while the central unresolved component shows a ∼ 24.1 mJy flux density. At 15 GHz, only the core is revealed with a flux density of 16.8 mJy. No gamma-ray counterpart is found in the 2 LAC for this source. We classify it as DD. -J0930+4950. This source appears clearly point-like both at arcsecond scale with a NVSS total flux density of ∼21.3 mJy and in VLBA images (7.6 mJy at 8 GHz). No gamma-ray emission is found associated to this target. We classify it as DD. -J1012+3932. On kiloparsec-scales, this object is point-like with NVSS total flux density of ∼ 20 mJy. In our VLBA images, it is not detected above ∼0.9 mJy beam −1 and 1.5 mJy beam −1 at 8 and 15 GHz, respectively. SC is ≤0.05. No gamma-ray counterpart is found in the 2LAC. We classify this target as LD.
-J1022+5124. This target shows a kiloparsec-scale point-like structure with a low flux density in the NVSS image of ∼ 5.6 mJy. On parsec scale, it is not detected above ∼ 0.6 mJy beam −1 and 1.8 mJy beam −1 at 8 and 15 GHz respectively. No gamma-ray emission is found associated to this BL Lac. We classify it as U. -J1053+4929. This BL Lac is unresolved on kiloparsecscales with a total flux density of ∼65.5 mJy in NVSS data. In our VLBA maps, it is one-sided at 8 GHz and point-like at 15 GHz. Its α core is ∼-0.23 and it has an SC of ∼0.51. No counterpart in the 2LAC catalog is found. We classify this target as DD. -J1058+5628. This BL Lac object has been studied by Nesci et al. (2010) in the B band: it is a quasi-periodic BL Lac, with an approximate period of 2590 days. In the radio band, it shows a kiloparsec unresolved structure with a total flux density in NVSS image of ∼ 230 mJy. At mas scale, this object has a one-sided morphology at both frequencies to the western direction with 8 GHz core flux density of ∼ 86.7 mJy, α core ∼ 0.03, 8 GHz total flux density of ∼ 158.6 mJy and α tot ∼0.33. The jet direction is in agreement with that found by the MOJAVE survey (Lister et al. 2009a (Lister et al. , 2009b .
SC is ∼0.70. This target has a counterpart in the 2LAC (Table  6 ). We classify it as DD. -J1120+4212. This source has a point-like morphology on arcsecond scale with a NVSS total flux density of ∼ 23.5 mJy. Our VLBA maps revealed a one-sided structure at both frequencies, with a total 8 GHz flux density of ∼ 14.8 mJy and 8 GHz jet flux density of ∼4.7 mJy. The α tot is ∼ 0.54, while SC is ∼0.83. Moreover, it is a LAT BL Lac (Table 6) . We classify it as DD. -J1136+6737. This BL Lac has a kiloparsec-scale point-like structure, and is also point-like in our 8 GHz VLBA data with an SC ∼ 0.55. At 15 GHz, it is resolved into a onesided jet morphology with α core ∼0.29, α tot ∼ 0.25, and NE jet flux density of ∼ 9.6 mJy. Gamma-ray emission is found associated with this object (Table 6 ). We classify it as DD. -J1145-0340. This object is a part of a galaxy cluster (Piranomonte et al. 2007 ). On arcsecond scales, it appears unresolved with a total flux density of ∼ 18.7 mJy in NVSS data. In our VLBA images, the source is not detected above ∼1.2 mJy beam −1 and ∼0.9 mJy beam −1 at 8 and 15 GHz, respectively. SC is ≤0.06. No gamma-ray emission is found associated to this target in the 2LAC. We classify it as LD. -J1156+4238. On arcsecond scales, this object is unresolved with a total flux density of ∼ 15.6 mJy in the NVSS image. In our VLBA data, it shows a point-like structure with a total flux density of ∼ 2.6 mJy at 8 GHZ and α core,tot ∼ -1.16. We measure SC for this BL Lac to be ∼0.17. No gamma-ray emission is found associated to this source. We classify it as LD. -J1201-0007. At kiloparsec-scales, this source is unresolved with a total flux density of 69.5 mJy in the NVSS image. The FIRST image shows that this source is resolved into a double structure in N-S direction with flux density peaks of 8.7 mJy Northern peak) and 17.5 mJy (Southern peak). In our VLBA data, it is undetected at both frequencies above 15.3 mJy beam −1 at 8 GHz and 14.7 mJy beam −1 at 15 GHz in agreement with the resolved arcsecond structure. No gamma-ray emission is found associated with this target. We classify this BL Lac as LD. -J1201-0011. On kiloparsec-scales, this source is unresolved with a flux density of 28 mJy in the NVSS image. In our VLBA data, it is undetected at both frequencies above ≥ 0.6 mJy beam −1 at 8 GHz and ≥ 3 mJy beam −1 at 15 GHz. We measure SC to be ≤0.22. No gamma-ray emission is found associated to this target. We classify this BL Lac as LD. -J1215+0732. On kiloparsec-scales, a diffuse halo is present both in NVSS and FIRST images where a total flux density of ∼138.8 mJy and ∼81.8 mJy is revealed in NVSS and FIRST respectively. On parsec-scales, this object shows at 8 GHz a jet extending to the east (in agreement with the observations of Giroletti et al. 2004b , Rector et al. 2003 at 5 GHz) with a total flux density of ∼36.6 mJy. At 15 GHz, the source is point-like with α tot ∼0.9. SC is measured to be ∼0.26. No gamma-ray emission is found associated to this BL Lac. We classify it as DD. -J1217+3007. This object is especially variable in the optical and polarized in optical and radio bands (Kollgaard et al. 1992 , Fan & Lin 1999 , Giroletti et al. 2004 . NVSS data reveal a point-like structure with a total flux density of ∼588 mJy. At 8 GHz, the parsec-scale jet is formed by a more collimated component connected to the central core by a separated, diffuse component starting at a distance of about 7 mas from the core and extending for 10 mas south-east. This extended emission is also prominent in the 5 GHz VLBA image obtained by Bondi et al. (2004) . At 15 GHz, the VLBA map shows mainly the first jet component (∼ 48 mJy), even if an hint of the same diffuse structure can also be noted here at a distance of ∼ 14 mas from the nucleus. The jet structure is in agreement with that observed in the MOJAVE and VIPS Surveys (Lister et al. 2009a , 2009b , Helmboldt et al. 2007 where the jet detection extends up to 40 mas from the core. The total flux density in our VLBA images is similar at the two frequencies (∼262 mJy at 8 GHz and ∼ 217 mJy at 15 GHz). However, the NVSS flux density, on the kiloparsecscale, is more than twice the 8 GHz parsec-scale flux density, suggesting a spectrum steeper than −0.4. This target is also a LAT BL Lac (Table 6 ). We classify it as DD. -J1221+0821. This source has a point-like kiloparsec structure with a total flux density of ∼178 mJy from NVSS maps. In our 8 GHz VLBA image, it appears unresolved with a total flux density of ∼17.3 mJy, while at 15 GHz it is not detected above 14.7 mJy beam −1 . SC is ∼0.1. It is a non LAT BL Lac. We classify it as LD. -J1221+2813. This source is known to be an extremely variable object, in infrared especially (Fan & Lin 1999) , lying in the center of an elliptical galaxy (Weistrop et al. 1985) . It was initially identified as the variable star W Comae. Arcsecond scale radio images (Kollgaard et al. 1992 , Perlam et al. 1994 indicate a faint extended emission south-west of the core, which is also revealed in the FIRST image. The total flux density is ∼ 739 mJy in NVSS images. On parsec-scales, our VLBA observations show a long south-west jet-like feature at both frequencies. At 8 GHz it shows a straight jet extended more than 20 mas, where a large bend in PA (to the South) is present. This fainter resolved jet is marginally visible here but confirmed in lower resolution images (e.g. Helmboldt et al. 2007 ) while at 15 GHz it stops at about 10 mas from the nucleus, which has a flux density ∼ 178.0 mJy and is flat spectrum. The jet structure contains numerous blobs of emission, especially at 15 GHz where it has a flux density of ∼37.9 mJy. The same was found by Kellermann et al. (1998) in their 15 GHz VLBA observations and in the MOJAVE Survey (Lister et al. 2009a (Lister et al. , 2009b . Proper motions have been studied by Gabuzda et al. (1994) and Jorstad et al. (2001) with multi-epoch VLBI observations at 5 and 22 GHz respectively, which have shown significant, often nonradial, proper motions. The SC for this target is ∼0.47. It has a gamma-ray counterpart in the 2LAC (Table 6 ). We classify this BL Lac as DD. -J1221+3010. The source is compact on kiloparsec-scales with a NVSS flux density of ∼ 72 mJy. Previous VLBA observations of Giroletti et al. (2004b) revealed a 10 mas jet emerging at P.A. ∼ 90deg. The total VLBA correlated flux density is 57 mJy and dominates the total flux density of the source. Our VLBA maps at 8 GHz detect a one-sided structure aligned with the 5 GHz jet with α core ∼ 0.17 and jet flux density of 16.9 mJy. In our 15 GHz map, the source is unresolved, even if a 10 mJy jet is detected in the MOJAVE Survey (Lister et al. 2009a (Lister et al. , 2009b in the same direction of the 8 GHz one. Its SC is ∼ 0.5. This target is also a LAT BL Lac (Table 6 ). We classify it as DD. -J1231+6414. The kiloparsec-scale structure shows an almost unresolved core with a total flux density of 59.3 mJy in the NVSS (see also Perlman 1994) . A faint emission from a halo-like feature is also observed. On parsec-scales at 8 GHz this source shows a one-sided jet pointing north-west. A similar structure has been found by Giroletti et al. (2004b) at 5 GHz. The 8 GHz total flux density is ∼ 37.6 mJy. At 15
